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0 Data communication system having channel switching means. 



0 A data communication system which operates 
by the use of a msdn channel, and aisp a pro t ection 
channel to back up the main channel using a chan- 
nel switching meats (4^, between a recehfor and a 
transmitter. A receiver sUe chmtel switching means' 
(25-27) includes a delay means (27) for delaying the 
main channel data. A transmitter sxte channel 
switching means (40) indudee a delay mean? (43) 
for delaying the pn>tecten charmel data when 
switching channels when a tr»ismissk)n taM occurs. 
The thus delayed data Is ^fectfve for preventing a 
stoppage of data flow even in ttie event of a sudden 
transrr>ission fault 
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DATA COMMUNICATION SYSTEM HAVING CHANNEL SWITCHING MEANS 



BACKGROUND OF THE INVENTION 



1. Reid of ma Invention 

The present invention relates to a data commu- 
nication system having a channel switcWng means, 
for example, a radio data communtcation system 
pro^^ded vrith channel switching equipment be- 
tween a main channel and a protection channel 

2. Description of the Related Art 

Usually, a channel switching means which is 
employed in a data commurtcalion system uses 
tjoth a main channel and protection channel. That 
Is. when the transmlssdn quaOty of the m^ chan- 
nel deteriorates, and acconSngly a data error rale 
increases, a Irartsmittirtg terrr^ station automatl- 
calfy switches the transmls^on line from the mdn 
channel, which Is transmitting data to a receh^ 
terminal slatfon. to the protection channel, which is 
transmitting auxiliary data ther^ To oope with 
this, the receiving terminal station selects data re- 
ceived via the protection channel instead of the 
mam channel, and outputs the same as main chan- 
nel data. 

The above-mentioned channel switching can 
te performed without even an Instantaneous In- 
terruption H) the fkiw of data if the dtx>vo-men- 
ttoned transmission quality deteriorates dowly. 
However, if the transmission quality U e te iiori tes 
quicMy. it is very ItatHe to result in an instanta* 
neous interrupdon in the flow of data. Thus, in the 
field of data communication systems, ft has been 
hoped to prevent such an instantaneous Intenrup- 
tion in data flow caused Ivy channel switching when 
rasM cteterioration of the transmission quaBty oc- 
curs due to, for example, sudden fading. 

In the prior art as will be exemplHied in det^ 
hereinafter, there is an inevitable loss of data dur- 
ing «ie short transition period when swHcMng from 
the main channel to the protection channel Thus, 
the prior art channel switcieng means used in data 
communication systems produces a problem in 
- that there is a Wgh probability of a data error 
occunring when there is a rapid deteiioratlon ki 
transmission quality. 



SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
is to provide a data communication system having 



a channel switching means which can prevent an 
instantaneous interruption in data flow during chan- 
nel switching even when there is a rapid deteriora- 
tion In the transmission quality. 

s To attain the above (A^ect. the channel switeh- 
Ing means is constnicted u^ a delay meais^ 
The delay means is employed at least in a receiver 
positioned along a data transfer path of the main 
channel data. Preferably, another delay means Is 

10 employed in a transmitter along a data transfer 
path connected between a data source and the 
transmisdon flne for the protection channel Tlie 
delay means Is effective for recovering preceding 
data which was present just before the start of the 

15 related channel switching operafion. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 TTie above 01^ and features of the present 
invention will tie more apparent from the fbilowing 
description of the preferred emlxxUments with ref- 
erence to the accompanying drawings, wherein: 
Fig. 1 is a gaieral blodc diagram of a prior 
25 art data convnunication system: 

Rg. 2 depicts liming charts showing one 
exanH)le of a cftann^ swItcMng procedure wtien a 
fault occurs in the system of Fig. 1: 

Fig. 3 is a principle block dagram of a data 
30 communicafion system according to the present 
InventiorT; 

F^. 4 is a more detailed biock dagram of 
the data communication system shown in Ftg. 3. 

Fig. 5 shows timing charts fbr ilkistrating one 
35 example of a channel switching procedure when a 
fault occurs In the system of Rg. 3; 

Bq. 6 Oiustrates a detailed example of a 
transmitting unit; 

Rg. 7 Olustrales a detailed exampfe of a 
40 recervingur^ 

Rg. 8 illustrates a det^led example of a 
receiving and retransmitting unit: 

Rg. 9 mustrales a detaled example of a 
synch ro nous switch drcift 
45 Rg. 10 defMs timing charts for explaining 

the operatton of the circuit in Rg. 9: 

Rg. 11 iBustrates a detsnled example <rf a 
transm i tter side delay means; 

Rg. 12 illustrates a detailed exmple of a 
50 receiver sWe delay means vrhfch is provWed with a 
do t o c t ion means; 

Rg. 13 illustrates a detailed example of a 
receiving channel swKcti droit; 

Rg. 14 illustrates a detailed example of re- 
ceiving and transmitting control drcidts; 



2 



3 



EP0327128A2 



4 



Rg! 15 illustrates a detailed example of a 
transmitting channel switch unit 

Rg. 16 is a specific block diagram of a test 
pulse generator and 

Rg« 17 is a specific t>lock diagram of a test 

pulse detector. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MEKTS 

Before descriljing the embodiments off the 
present inventfon. the related art and the CBsadvan- 
lages ther^ win be described with reference Id 
the related futures. 

Figure 1 is a general block diagram of a pnor 
art data communication system, and Rgiare 2 de- 
pk:ts Umlng charts for showing one example of a 
channel switching procedure when a fault occurs in 
the system of Rg. 1. The operatfon of the channel 
switching performed In the data commurticatk)n 
system of Rg. 1 win be clarified wHh reference to 
the timing charts shown In Rg. 2. The numer* In 
parentheses In the leftmost column in Rg. 2 in- 
<Scate that the respective timing charts conrespond 
to the portkxis referenced by the numerals en- 
cfosed In quotafion marks - - m Rg. 1 . The foUow- 
Ing explanaHon wlO use as an example a system 
having a single protectkxi channel and a single 
main channel. In actuafity, a pluranty of channels 
.exist; In the form of, for exasnple. frequency 
visfon mumpIeK communkatton (FDM). used in the 
mam channeL However, for the saf^ of ^pBdty 
only one ch^nel Is shown (this also appSed to 
later figures). 

W Case where main channel and protectkxi chan- 
nel are noimaj 



Kpolar data is provided by a data source k>* 
caled m. for example, a transmitting terminal sta- 
ttonia The data l3 branched m two direcHohs by a 
hybrid drcuit (H) 201 wf*rfi is mounted in a trans- 
mitting channel switch unit (TSW) 20. One of the 
data brandies Is transferred to a transmitting unit 
21. and the other Is appSed to a switdi circuit (SW) 
202. but prevented lirom passing therethrough. 

m the main channel transmitdng iHnit 21. the 
bipolar data is first translbrmed into imipdar data, 
and a carrier wave Is then modulated by the thus 
transfbnmed unipolar data. A k>cal osdllatDr tor 
producing the carrier wave is not shown in the 
figure. Meod. the modulated carrier wave Is con- 
verted upward in frequency and energized to have 
enough transmlssfon power to racflate from the 
transmitter to the receiver via a transmlsston fine 



whfch includes a repeater or repeaters, more spe- 
Cfffcatty. via a receiving and retransmitting unit or 
units 22 contaned In eadti repeater. 

The data from the last repeater is received by 

5 a recming tuit 23 kx:ated In the recent, wherein 
the unipolar data Is provfcled to a synchronous 
switch drcuit (3SW) 24. The synchronous switch 
chant (SSW) 24 transfbrms unipolar data to bipolar 
data and outputs the bipolar data to a switch dnnitt 

to 25. The switch drcuit 25 suppfies the bipolar data 
to a receiving terminal statton 29 to reproduce the 
original data. InddentaUy. the synchronous switch 
circuit (SSW) 24 Is usually fatxicated using a semi* 
conductor integrated drcuit OQ whwh is able to 

t9 achieve high speed synchronous switching firom 
the main channel data to the protectkxi channel 
data. The switch drcuit (RSW) 25 is located after 
the switch drcuit (SSW) 24 to back-up the latter 
switch drcuit 24. 

20 In the normal state of the main channel sys- 
tem, It Is theoretfcally not necessary to activate the 
protectton channel system, but in practfce, the pro- 
tectkxi channel system is activated so as to always 
supervise the concStkxi of the protectkxi channel 

2S system to maintahi the normal stale thereof. For 
tMs purpose, the protectkxi channel system han- 
dles auxiliary data during acHvatkxi of the main 
channel system. The auxiliary data is, for example, 
test data. The related test pulse Is generated by a 

30 test pulse generator 30 and transmitted to a test 
pulse detector 33 located In the receiver, via ttie 
switeh drcuit 202. a protectkxi channel transmitting 
unit 11, a recelvsng and retransmlt^ng unit 12. a 
protection chamel receiving ur^ 13 axl the receiv- 

38 Ing channel switch drcuit (RSW) 25. If the pre- 
detemiined paitem of the test pulse Is detected 
correctly by the detector 33. It is determined that 
the protectoi channel system Is normal In that 
case, the main channel can fireely be switched to 

40 the protectkxi channel when the transmlsskxi qual- 
ity of the mdn channel data detertorates. 

(B) where faujt occurs ^ repeater, h 
4S channel system 

Rrst, the original data is sent from the afcxe- 
saki data source in ttie transmit&ig lermlnsd statkxi 
19 to the main channel transmitting unit 21. as 

50 shown bytheflrslpartofrow{l)lnFig.iThe 
characters T1. T2, and so on. above row (1) de- 
notes a time scale, v^iere T1 < T2 < T3 < T4, Le.. 
• T1 occurs In time before T4. The data from the 
transntfttbig unit 21 is transntitted. as mentkxied 

ss above, to the receivtog termtoal statkxi 29. via the 
transmitting channel switch unit (TSW) 20, the m^ 
channel tr»ismittlng unit 21, the main channel re- 
ceiving and retransmitting unit 22. the main chan- 
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nel receiving unit 23. the synchronous switch cir- 
cuit (SSW) 24. and the receiving channel switch 
drcuit (RSW) 25. 

Suppose now that some fauK occurs at the 
repeater, and accorcfingly a stoppage of data takes 
place in the main channel as shown in row (2) of 
f=tg. Z The stoppage of data is detected after a 
time I: occurring from the stoppage of data, as 
shown in row (3). The time tt is required b)f a data 
stoppage detector inr order to detect the related 
data stoppage. This data stoppage detector (not 
shown) is usually mounted in the synchronous 
switch drcuit (SSW) 24. Ihe detection of data 
stoppage is reported t>y the data stcv)page detector 
to a receiving control drcuit 32. and the drcuit 32 
ttten transmits a commarKi signal to a transmitting 
control drcuit 31 via another transnrUssion Rne 34. 
e.g., a downstream Brte instead of a upstream line 
through wtuch the main channel data has been 
transmitted (refer to row (4)). The symM h de- 
notes the transmission flme through the transmis- 
sion line 34w 

The transmitting control drcuit 31 Issues a 
switching dgnal to the switch circuit (SW) 202*in 
the transmitting channel switch unit (TSW) 20. 
When the switchmg signal Is receh^. the switch 
circuit 202 changes its status from one state to the 
other stato. Acconfingly. the switdi drcuit 202 pre- 
vents the signal from the test pulse generator 30 
from passng ther^hrough. wfuTe allowing the sig- 
nal from the hyfvid drouit (H) 201 to pass. Thus 
the transmitting channel switoh unit (TSW) 20 pro- 
vides data, instead of the test pulse, which Is the 
same as the data which had been provided to the 
main charmel up to that point in time and had been 
transferred to tfie p rotecti on channel transmitting 
unit 11. so tiiat the data from the aforesaid data 
source is also transferred to the receiver via ttie 
protect channel. Under, these condlttons. tire 
data is sent to both the m^ diannel transmitting 
uru't 21 and tt)e protection channel Uansm ltUn g unit 
11. This is known as a parallel transmission. The 
symbd 1 2 (In row (B)) denotes the time for down* 
stream transmis^on of data ttirough the transmls* 
^ fine (protection channel). The value of 1 2 is. of 
course, the same as that of the upstream transmie* 
sion time tz (refer to row (4)). 

After a time ti (iref^ to row (7)) occuning from 
ttie etepse of ti)e tinne h , the data starts be^ 
^. appCed via ttte protection channel to the receiving 
synchronous switch circuit (SSW) 24. In tttis case, 
when ttie switch (SSW) 24 detects that ttie data, 
transmitted ttirough ttie protoction channel, has 
been recdved. ttie related detection signal from ttie 
switch (SSW) 24 is sent to ttie receiving control 
circuit 32 so tt»t a swHcMng signal (refdr to row 
(7)) from ttie contrd drcint 32 can 1)0 sent to ttie 
switch .drcuit (SSW) 24. This switd^ng signal 



changes ttie status of ttie switch drcurt (SSW) 24 
changes its status preventing tiie unipolar output 
signal from ttie main channel receiving unit 23. but * 
allowing the unipolar output signal from ttie protec- 

5 tion channd recdving unit 13 to pass ttirough ttie 
switch drcurt (SSW) 24. Thereby, ttie inherent main 
channel data is transmitted from ttie transmitter to 
ttie recdving terminal station 29 via ttie protection 
channel system, i.e.. ttie receiving unit 13, and also 

10 via ttie switch drcirit (SSW) 24 and ttie switch 
drcuit (RSW) 25. In ttiis case, ttie aforesaid tenn t) 
represents ttie time requfred to conffrm ttie detec- 
tion of ttie received data ttirough ttie protection 
channel and to switch ttie switch drcuit (SSW) 24. 

15 It should be understood hero ttiat a response signal 
from ttie transmitter via ttie transmission line 34. 
and also a response signal from ttie switch drcuit 
(SSW) 24, are omitted from Rg. 2 lor brevity. 
In oonclusloa an undesired interruption in data 

20 flow occurs during ttie time U (refer to row (8) In 
Bg. 2). That is. ttiero is a partial date loss causing 
a data error. This is ttie prot>lem occurring in ttie 
prior art data communication system. In this case, 
ttie interruption time U is expressed as follows: 

25 U = ti * I2 + 1 2 + b 

Rguro 3 is a principle block ctiagram of a date 
communication system accenting to ttie present 
invention. Note ttiat items identical to ttiose eoc- 
piained beforo are represented bf ttie same ref^- 

30 ence numerals or characters (ttito also appties to 
later figures). In ttiis figure, a synchronous switch 
drcuit PSW) 26. a delay means (t) 27, a transmit- 
ting channel switch unrt (TSW) 40 and anottier 
delay means (r) 43 are newly recited items. Among 

35 ttiese. ttie SSW 26 and ttie TSW 40 are function- ' 
ally similar to ttie aforesaid SSW 24 and TSW 20. 
respectively. 

The delay means 27 delays ttie date In time by 
a period r. The delayed date is ttien received from 

40 ttie tr a nsmitter via ttie transmlsdon line which usu- 
ally includes a plurality of tepeetars (not shown in 
Rg.3butlncficatedlnRg. 1 l>y r^erence numerals 
12 and 22). The delay means 27 is located along a 
^gnal line ttirough which ttie main channel is 

46 formed. 

The transmitter contains ttierdn anottier delay 
means (r) 43. The delay means 43 delays ttie date 
In ffame by a period r, said date being received 
from ttie aforesaid date source which Is usually 

so located bi ttie transmitting tennnlnal station 19. This 
date Is to be fransmitted to ttie receiver not by way 
of ttie main channel but by ttie protection charml. 

The receiver contains tiierein a detection 
means 28 pereferably Bi ttie delay means 27 as 

55 illustrated. The detection means 28 detecte an oc- 
currence of a transmisdon fault in ttie mdn chan- 
nel The detection means 28 Is located In a preced- 
ing stage relative to ttie delay means 27. or In a 
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front stage thereof. 

The detection means 28 issues a fault detec- 
tion signal if a related fault takes pbce. The fault 
detection signal Induces two conunands. The first 
command applies a first switching signal to the 
transmitting channel switch unit (TSW) 40 via ttie 
transmission line (shown as 34 In Rg. 1). The 
second command applied a second switcWng sig- 
nal to the synchronous switch dtoM (SSW) 28. 
The first switching signal acthrates the transmitter 
side Qransmitting) channel swRch unit 40 so as to 
transmit the original data from the aforesaid data 
source to the receiver tay way of the transmitter 
side (transmitting) delay means 43 and through the 
prot^:tion channel While, the second switching 
signal acthrates tfie receiver side (receiving) chan- 
nel switching means. I.e*. the synchronous switch 
dicuit (SSW) 20, after a predetenmined elapsed 
time from the detection of the transmission fault 
indcated by ti)e fault detection signal, m iMs way 
the data received via the protection channel over- 
laps with the data delayed t>y the delay means (r) 
27. 

The delay times r caused at both the delay 
means 43 and 27 are set to substantially the same 
time. Each delay time t is defined as the afores^ 
stoppage time (refer to'%'inrow(8)olf=S9.9 
plus a predetermined time margin. 

General operation is as follows. When the origi- 
nal data is to be switched to the protection channel 
transmitting unit -11 by means of tiie switch unit 
(TSW) 40, tttis data is delayed in time by the delay 

time r. The time r is expressed as follows, 
r = ti + Iz + 1 2 ♦ li + tei 

The rrteanings of each off the syn^x)ls ti, ti ^ 
except for ta , have already been expteined. The 
symbol ta denotes a predetermined time margin. 
The remaining terms denote, as mentioned pre- 
viously, that tt a fault detei^ time, ti b a 
downstream transmission time la = tj) Is an up- 
stream transmission time, and ts is a filching 
lime, and the symbol U (= ti + ti + ta + ti) 
represent s a stoppage time of data flow which 
would Inevitably occur in usual channel switching. 

The delay time r is created In the transmitter 
by the delay means 43 w»^ is mounted in the 
transmitt in g channel switch unit (TSW) 40. To cope 
with this, the aforesaid delay means 27 Is Intro- 
duced between the main channel receMng unit 23 
and ttie synchronous switching circuit 28. When a 
- transmission fault Is d^ected by tt» detection 
means 27. data Is applied to botii the main channel 
side Input and ttie protecQon channel side input of 
' the switch drcint 26, both blodo of data being the 
sme as the data which had already been deteyed 
by the time (r ) before tiie occurrence of the related 
transmission foiilL The aforesaid second switching 
signal is then supplied to the switch drcwt (SSW) 



26 by ti^ end of the time U (refer to row (8) of Fig. 
2). During ttw time ti ttie delayed data, i.e., pre- 
vious data, in tiie delay means 27 is maintained so 
ttiat channel switching by ttw switch dnajit (SSW) 

5 26 can be acHeved without stopping the data now. 
It is imports to understand ttiat ttiis cf)annel 
switching can be achieved witt) no loss of data duo 
to deterioration of the transmissfon quaOty caused 
by sudden fading or even a sudden problem witii 

10 ttte electronic communication apparatus. 

f=igure 4 is a more detailed block diagram of a 
data communication system shown ni Fig. 3, and 
Figure S depicts timing charts for illustrating one 
example of a channel switching procedure vifhen a 

rs fault occurs in the system off Rg. 3. The procedure 
shown f=ig. 5 assumes a case where a transmission 
fault has occurred due to some trouble in the main 
channel receiving and retransmitting unit 22 in the 
system <rf Fig. 4. Like ttie previous Figs. 1 and 2, 

20 tt>e numerals in parertheses in ttie leftmost column 
in Fig. 5 Indicate ttwl ttie respective timing charts 
correspond to tt» portions referenced by ttie cor- 
respmllng numerals given in quotation marlcs * " 
in Fig. 4w Therefore, Figs. 4 »id 5 are read m tt» 

25 same manner as tt» previous Figs. 1 axJ i In Fig. 
4. tt» transmitting channel swHch unit (TSW) 40 Is 
comprised off ttie delay means 43. a hybrid drciMt 
(H) 41 (similar to ttie corresponcflng droit 201 in 
Fig. 1) and a switch circuit (SW) 42 (slmil» to ttte 

30 co n eqponcfingclrcuit202inFig.1). 

It should be recognized ttiat ttie operation dur- 
ing ttie normsd state off ttie main channel system. Is 
Menticai to ttie operation which has been explained 
witti respect to ttie prior art by refening to Figs. 1 

OS and 2. except ttiat ttie received data in ttie receWer 
(Fig. 4) according to ttie present Invention. Is al- 
ways delayed by ttie delay time r relative to ttiat In 
ttie prior art receiver shown in Fig. l. Accortfingly, 
ttie fbDowing e)cplanation wai use as an example a 

40 case where a transmission fault has actually taken 
place. 

B^bre ttie occurrence off a trans m issio n fault 
ttie original data is sent from ttie aforesaid data 
source in ttie transmitting terminal statton 19, as 

45 shown In row (1) off Fig. 5. ttie stnidure off ttils data 
bmg schematically illustrated, ag.. as shown by 
DL, ,Do,Di ,02^.. The original data is transffenred 
to ttie receiving tormlnal station 29 by way of ttie 
trmmMng channel swttch unit (TSW) 40, ttie main 

90 channel t r an smitti n g unit 21, ttie receiving and re- 
transmitting unit 22, ttie receiving unit 23, ttie re- 
ceiver side delay means 27, the synchronous 
switch circuit (SSW) 26, and ttie rec*Hng channel 
switch circuit 25. 

59 Here, assuming ttiat a stoppage off date occurs 
due to ttie aforesM transmission f^uit, e.g., a prob* 
iem in ttie recrtving and retransmitting unit 22. The 
stoppage off date Is schematically shown In row ^ 
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of Fig. 5. where denotes the transmission tinte of 
the data from the transmitter to the portion "2' In 
the receiver. The transmission fault, i.e.. the stop- 
page of data, is detected by the fauK detection 
means 28 within the fault detect time ti which is 
shown tn row (3) of Rg. 4. The related fault detec- 
tion signal is sent to the rec^ng control circuit 32. 
and the receiving control circuit 32 Issues a com- 
mand to the transmitting control circuit 31 in the 
transmitter via the upstream channel of the trans- 
mission line 34. The control circuit 31 in the trans- 
mitter then provides the switching signal. CRRST 
SWITCHING SIGNAL*) in Fig. 3 as^shown in row 
(4) of Fig. 5. In row (4), the symtjol ti denotes the 
tranmission lime for the command to bo sent via 
the aforesaid upstream channel of the transmission 
line 34. 

The transmitting control dtroA 31 applies the 
first switching signal to the switch circuit (SW) 42 
at a time after the end of the time ti. in row (3) 
of Fig. 5. in response to the notification of the 
stoppage of data flow. With the change of the 
switch circuit (SW) 42, the transmitting unit 11 
switches the receptiw of the Input s^nal. That Is. 
the transmitting unit 11 stops transmitting the out- 
put from the test pdse generator 30 and starts 
transmitl^ the ou^ from the delay means (r) 
43. since in this situation the transmitting channel 
switch unit (TSW) 40 outputs the data, instead of 
the test pulse, as shown inraw(5)ofFig.5.lntMs 
case, the output data is delved bf »a time t 
through the delay means 43 relative to the data 
whH:h has been appBed to the main channel trsms- 
mittihg unit 21. and the output data is then trans- 
mitted to the receiver via the protection channel, as 
shown inrow(6)orFig.5.lnrow(6>.the symtx)! 
t2 denotes the downstream transmission line for- 
ming the protection channel 

T>» data at the portion "O" received via ttie 
protection channel has passed through the trans- 
mitter side delay means (r) 43, and therefore is 
delayed by a time r, as shown in nTW (6) of Fig. 5. 
Thus, the receiver starts receiving the data via the 
prodection channel after a tfatte i'z from ttie end of 
tz shown in row (4). The reception of data is 
detected in ttie synchronous switch circuit (SSW) 

. 26 and tite SSW 26 appTies a ^gnal reception 
detecting signal to tfie receiving control cin:uit 32 
via a fine 44. Respondng to tine detection signal. 

- the circuit 32 returns a second switdting signal to 
the switch circuit (SSyy) 26, as shown In row (8) of 
Hg. 5. after tiie switching time t^. 

The data which is received at the msin channel 
receiving unit 23 Is deie^ through the receiver 
skle delay means 27 t>y ttie delay time t as shown 
In row (7) of Rg. 5. TMs means ttmt tiie preceding 
data is still malnts^ned In tine delay means 27 at tiie 
time when ttie status of ttie switch circuit (SSW) 26 



is to t)e changed Drom tiie main channel patii to the 
protection channel patit The thus msMained data 
prevents tiie data flow from toeing interrupted, and 
ttius no stor^)age of data flow occurs even when 

5 channel switching Is triggered by a sudden occur- 
rence of a transmis^on fault In tiie atx>ve row (7). 
tt)e data area Indicated as "DATA MARGIN" cor- 
responds to ti)e previously merrtioned time ta » 1-9.. 
a predetermined time margin. This time margin Is 

10 necessary to establish synchrof^zation. perfbrmed 
in ttie synchronous switch circuit (SSW) 26. be- 
tween the main channel data sent from tt» delay 
means 27 and tiie same data sent via tiie protec- 
tion channel 

ts Figure 6 illustrates a detailed example of a 
transmitting unit Botii tiie main channel transmit- 
ting unit 21 and tiie protection channel transmitting 
unit 11 (both shown In Fig. 4) can be commonly 
reafized by tiie construction shown in Fig. 6. Bl* 

20 polar base band data BB. sent from the hybrid 
circuit (H) 41 or tiie switch circuit (SW) 42 is 
t ransformed into unipolar data u by means of a 
bipofeu' to^mipolar convertor (BAJ) 61. The data u Is 
furttier provi^ supervisory infbrmation SV 

25 including, for example frame synchrortfzation bi- 
formation, to form data u , by means of a transmit 
code convertor (TCC) 62. The data u modulates a 
canrier wave provided firom a local oscOlator con- 
tained ki a modulator (MOO) 63 using a ^andard 

so modulation metiiod. e.g.. a 16 QAM mettiod. to 
obtain an F modulation signal (1F^. The IF modu- 
lation signal is tfien converted up in frequency by a 
rado transmitter (DC) 64 to produce a nticrowave 
transmission signal u to be racfiated to tiie receiver. 

ss The TCC 62 furttier achieves speed conversion of 
ttie unipolar data by. e.g^ a ^irffing operation, and 
also adds a frame synchronization pulse and a 
paity bit and scrambles ttie data. 

Figure 7 Uhistrates a det^led example of a 

40 receh^ unit Botti ttie main channel receiving unit 
23 and tiie protection channel recehring unit 13 
(botti shown in Fig. 4) can be commonly realized 
by ttie construction shown In Fig. 7. The microwave 
transmission ^gnai u is received by a radio re- 

46 ceiver (RX) 71 and transformed into an IF signal 
(1P7. The F signal Is ttien applied to a demodula- 
tor (DEM) 72 to reproduce ttie unipolar data u . The 
data u is applied to a rec^ code converter 
(RCC) 73 to extract ttierefrom ttie supervisory Ith 

50 fbrmation SV. The original unipolar data u output 
from ttie FVX: 73 is applied to a un^xto to bipolar 
convertor (U/B) 74 to reproduce ttie original base 
band data BB. The ROC 73 furttier canries out a 
frame syndtfor^ng operation, supervises ttie 
55 transmission quaOty by using a parity chedc, and 
descrambles and destuffs ttie data. 

Figure 8 illustrates a detailed example of a 
receiving and retransmitting unit Botti ttie mdn- 

6 
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channel rec^ng and retransmitting unit 22 and 
the protection channel receiving and retransmitting 
unit 12 (both shown in Rg. 4) can be commonly 
realized t>y the conslnK^tlon shown in Rg. a The 
microwave transmission signal ii Kom the transmit- s 
tfng unit (Rg. 6) is received at a radio receiver (RX) 
81 and transformed into an IF signal C\F% Ihe IF 
signal is demodulated at a demodulator (OEM) 82 
to obtain a reproduced unipolar data u . The un- 
ipolar data u is appffed lo a receive code converter to 
(RCC) 83 from which the afores^ supervisory 
inftymatfon SV is extracted. The data u output from 
tfie RCC 83 is then appHed to a transmit code 
converter (TCC) in wWch other supervisory inlbr- 
mafion SV is Inserted into the received unipolar t$ 
data The data u contairting the information SV Is 
modulated by a modulator (MOD) 85 using a stan- 
dard method. e.g.. a 16 QAM method, and an IF 
modulation signal HF^ ^ obt^ned therefrom. The 
IF modulation signal is then converted up in fire- so 
quency by a radio transmitter (TX) 88 to produce a 
microwave transmission signal li to be radiated to 
the receding unit (Rg. 7). 

f=igure 9 illustrates a detailed example of a 
synchronous switch circuit The synchronous 25 
switch drcwt which is shown as SSW 28 in Rg. 4, 
receives the unipolar outputs from the protection 
channel receiver 13. the delay means 27. aid the . 
receiving control circuit 32. In Rg. 9. reference 
numerals in quotatloo marks. i.e., *8*, T", "8", oo 
and "9". correspond to the same numerals used in 
Fig. 4. The syndvonous switch drciut (SSW) 28 
produces bipolar output data which is sent to the- 
receiving channel switch drcuil 25 shown in Rg. 4. 

The synchronous switch circuit (SSW) 26 ba- ss 
sicaily achieves a bit by phase synchronization 
between the main channel data fDATACM)*) sent 
from the delay means 27 via and the protec- 
tion channel data rDATA(P)") sent from the pro- 
tection channel receiver 13 via •6*. The characters 40 
CIJ<(M) and Cljqp) denote the ckxte which d^ine 
the tfaning of the data •DATA(M)» and •OATA{P)", 
respectively. The main cham^el data *DATA(M)* is 
processe d by a dfferential atisolute delay equaJizer 
(OADE) 118 which compensates tite absolute dif* 4S 
ference time between the protection channel and 
ttie main channel, before entering fiito the SSW 26. 
The data •DATA(P)" and •OATA(M)" are first ap- 
plied to respectiva sequence exchangers (SEQ 
EXCH) 91 and 107. It should be understood here so 
that the sequence exchangers are not essential In 
understmflng ttie SSW 26 per se. Ttat Is. if the 
data transmis^ is subiected to tiie aforesaid 16 
QAM. I.e., 16 CKiadrature Amplitude Modulatk>n. 
method, four data groups are handled Each of the ss 
sequence exchangers functions to rearrange ttie 
order of ttiese data groups to confbrm to a pre- 
scribed order. The outputs of the main channel and 



protection channel from these sequence exchang- 
ers 91 and 107 are applied to elastic memories 92, 
95 (only two of fbur are iHustrated for brevity) and 
elastic memories 108. Ill (only two of four are 
illustrated for brevity). The elastic memories con- 
tain therein respective flip flops (FFs) 93. 96 and 
109, 112. and also contain therein respective selec- 
tors (SLCTs) 94, 97 and 110,' 113. The fOp flops 
(FPs) momentarily store ttie respective Input data, 
i.e., and •DATA(M)-. The store oper- 

ations are achieved under cor^ of write docks, 
i.e., •W-CUqP)" and "W-CLKCM)". sent from a 
phase-lock loop drcuil via a switdi (SW2) 103. It 
shoukJ be noted ttial switches (SW1) 100. (SW2) 
103 and (SW3) 115 assume tfie switch connections 
imficated by solki Rnes in tt)e figure in the normal 
state of ttte main channel system. 

Figure 10 de;^ timing charts for explalnbig 
the operation of ttie drcuit in Fig. 9. The following 
explanation will refer to Fig. 9 and. if necessary. 
Fig. 10. The above-mentioned condition off ttie 
switeh (SW1) 100 wfll be clarified by referrtog to 
row (2) of Fig. 10. 

If a transmis^ fault takes place, ttie afores^ 
second switching signal is applied to the SSW26 • 
via ttie rme indfcated by "8" in Rg. 9. The second 
switching signal changes. In tttis case, firom 
(low) to "H- (high) as shown in row (1) of Fig. 10. 
Ftesponding to ttie change, tfie switch (SW1) 
changes its switch connection to ttie ottier skto.' 
indk:ated by a broken One in Fig. 9. hi tttfs state, 
ttie dock "CLK(P)'' is controlled by means of an 
AND gate 98 whH:h receives at its ottier inputs, a 
write inhikA signal "W-INH" whkii Is issued from a 
pattem comparator (PTN COMP) 114w The output 
from ttie comparator 114 is depicted In n>w (3) of 
Fig. 10. In row (3X ttie write Whm signal "W-INH- 
Is generated every ttme it Is detected ttiat ttie 
phase of ttie protection channel data 1>ATA(P)" 
does not cdndde witti ttiat of ttie main channel 
data (M)*, ttiis comparison being effected on a bit 
pattem by pattem basis In ttie pattem compara- 
tor 114. until ttie phases of botti ttie protection and 
main channel data cobidde wHh each ottier. If ttie 
phases do not match each ottier. ttie slgx^ "W- 
INH". whfc* Is actually a pulse of level. Is 
produced. Therefore, when ttiere 1^ a phase n^ 
match, ttie n." pulse Is applied to ttie Input of ttie 
AND gate 98 to remove one dock pulse from ttie 
pulse train of ttie dock -CU<(P)". The ttnis ad- 
justed dock -CLKCP)- is cfivWed in frequency by a 
frequency divkier (1/h) 99 to obtain ttie acQusted 
write dock ■W-CLK(P)" whteh controls ttie store 
operation of ttie flip flops 93, 96. On ttie ottier 
hpnd, ttie write dock "W-CtJ<(M)* is not sul^ected 
to ttie write inhibit signal, and ttierefore continues 
the write operation uninterrupted. 

The read operations of ttie prelection and m^ 
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Channel data are achieved under control of a read 
dock, i.e^ "R-CLK*. which is common to both 
channels and comes from the aforesaid phase-lodc 
loop (PLL) ctrottt comprised of a phase detector 
(PO) 104. a frequency (fivider (1/n) 105. and a 
voltage controlled oscillator (VCX>) 100. The afore- 
said PU. circuit is useful, due to a so-called Ry 
wheel effect for achieving fine phase adjuslnwrt 
t)etween the protection channel data and the main 
* channel data on a bit lay t)it ba^ The switch 
(SW2) 103 changes its switch connection when the 
above mentioned pattern matcNng is attained by 
the comparator 114. as shown in row (4) of Rg- 10. 
At the same time, the switch (SW^ 115 also 
ctianges its switch connectloru 

An operation identical to the ora mentioned 
above occurs when the data channel returns from 
the protection side to the main side to the 
change from (PIWTECTION) to (MAIN) in row 
by the use of the AND gato 101. a frequency 
divider (l^m) 102. and so on. 

It should be noted that in Rg. 10, the $ymlx4 
ta represents the aJbresaid time margin. That is, 
during the time ta . the protection dtsmeA system 
reaped for the switch from the main channel sys- 
tem. 

Figure 11 illustrates a detailed example of a 
transmitter side delay means. The delay means 43 
can be simply realized by a bipolar to tm^x)lar 
converter 1ia a unipolar to bipoter converter 119, 
and a ^ift register 117 which sequentially stores 
the date received from the aforesaid data source 
via the hybrid circuit (H) 41 (Rg. 4). The re^sler 
117 Is supplied with a dock signal "CtJC* used to 
shift the stored data given from B/U convertor 1ia 
RnaHy. the shifted data Is transformed from un- 
4x>ltf to bipolar signal by 0ie U/B convertor 1 19. 

f=tg. 12 aiuslratoe a detafed example of a re- 
ceiver side delay means provided with a detection 
means. The receiver side d^ means 27 in Rg. 4 
can also be simply realized by a sTM register 121. 
The shift register 121 Is provided with an input 
from the detection means 28 shown In Rg. 4. The 
detection me^28can be reaSzed by a detection 
pircuit as illustrated, which is comprised of an 
IntegraSng drcuft 1 22, e.g., a CR integrating drcuit 
and a comparator 123. The detection circuit (2^ is 
supplied with a dodc "CLKCM)* and data •DATAr 
(M)' transforred from the main channel receiving 
-unit 23. The dock Is usually generated with a marie 
rate of 50%. The output of the integraSng drcuit 
122 m^ntains a minimum voltage level as fong as 
the dock emts. If a tranmissfon fault occurs, the- 
dock Is not supplied to the Integrating circuit 122. 
so that the output voltage level decreases. When 
the thus decreased vdtage level becomes lower 
than a predetermined reference voltage level V, . 
the comparator 123 detects the tran^ssion f^lt 



and outputs a fault detectoi ^gnal which is then 
sent to the receiving contrd drcuH 32 via the line 
mariced •3" In Rg. 4. The reference vdtage Vr is 
adjustable by means of a variabte resistor 124. 
5 It shouM be understood that the integrating 
drcuit 122 can be supplied with the' data "(DATA- 
instead of the dock -CLK(M)r 
The data (M) is sent to the shift register 121 to 
obtain the delayed data *DATA(M)* whtoh is then 
to transferred to the synchronous switch drcuit (SSW) 
26 of f=ig. 4. 

Rgure 13 illustrates a detailed example of a 
receiving channd switch drcuit The recdving 
channel switch circuit (flSW) 25 in Rg. 4 can be 

19 reaBzed by relay coils (RL1) 133 and (Pl2i 134. 
The relay cdls 133 and 134 operate their respec- 
tive relay ccmtacts (rl) 135 and ^ 136. The 
brokw line 137 incficates the ftow of the main 
chmel data in a normal state of the m^n channel 

20 system. The so8d line 138 incficates the ftow of the 
protectfon channel date whm a fault cmlition ex- 
iste in the mam channel system. The switcMng 
signal sent via a line 132 (r^ also te Rg. 4) 
drives a transistor and energizes or de-energlzes 

25 the relay cdls 133 and 134. The remaining Hems, 
for example, items 13. 26. 29. 32. and 33 are 
Identfoal to those items having the same numerals 
shown in Rg. 4. 

Rgure 14 Uhistr^ a detailed example of re- 
do celving Sttid transmitting contrd circuits. The fault 
detectkm signal is appRed, via the fine "3* (refer to- 
Rg. 4), from the detectfon means 28 and then 
transnOtted to a racfio receiver 0W) 141 in the 
transmitter skie contrd drcuit 31 by way of a radto 

35 driver (DV) 143 and the transnrdssfonSne (upstream 
charmQ 34w The thus transm^ed fault detection 
Mgnal is received by me transmitting channd 
swHch unit(TSW)4a bi responding to the same, 
the TSW 40 returns a response ^gnal to the re- 

40 cdving contrd cfrcuit 32 by way of a ratfio driver 
(DV) 142, the transrrdsston One (downstream chan- 
neO 34. and a radto recehw (RV) 144w The thus 
transmitted response signal te applted to two AND 
gates 145 and 148. The AND gato 145 also re- 

49 cdves the failt detecdon signd from the detectfon 
means 28 and a sl^ receptfon detecting signal 
given from the SSW 26 via 4he Ine 44 (fig. 4). 
Then the AND gate 145 produces an output as a 
switohing signal, to be sent to the syndvonous 

60 swftch cfrcdt (SSW) 26 via the One *8* (refer to 
Rg. 4), Tto inverter gate 147.receives a signal 
reception detecting signal gh^en from the SSW 26 
via the Ifaie 44 (f=lg. 4) and outpute reversed signal 
to AND gate 146. The AND gate 146 recdves. 

59 Other than sakl response signal, the fault detection 
signd sent via the Bne "3* and a dgnd reven^d 
reception detecting dgnd ghren from the gate 147, 
to produce an output, as a switching signal, to be 
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sent to the recefving channel switch circuit (RSW) 
25 via the line 132 (refer to 132 in Fig. 4). The 
above^entfoned signal reception detecUng signal 
on the tine 44 can l)e obtained, for examples as 
shown in Fig. 9, from the ffip flops (FF) 93 and 96. 

Figure 15 illustrates a detailed example of a 
transmitting channel switch unit The transmitting 
channel switch unit (TSW) 40 In Fig. 4 can tie 
realized by relay coils (RL3) 153 and (RL4) 154. 
The relay coBs 153 and 154 operate their respec- 
tive relay contacts {r3) 1» and (r^ 156. The 
broken line 157 Imficates the flow of the auxiDary 
^ata^ o.g., the test pulse from the test pulse gener- 
ator 30 in a normal state of the main channel 
system. The sofid line 158 incficales the flow of the 
protection channel data suppKed firom the data 
source in the tr^ismltting terminal statkxi 19. When 
a telt concBtlon existe in the main channel system. 
The first switching signal sent from the tran^iwitlng 
control circuit 31 via the Bne •4" (refer to Fig. 4) 
energizes the relay coHs 153 and 154. 

Reference numerals 151 and 152 represent 
terminating resistors, the remaining items, such as 
41 and 43, are idemfcal to those shown in Fig. 15. 

Fig. 16 iBuslrates a specific block <fiagram of a 
test pulse generator. The test pulse generator 30 
shown In Rg. 4 is comprised of a clock oscillator 
161, a pattern generator 162. and a unipolar to 
bftxrfar converter (IVB) 163. The output ol the gef»- 
erator 30 is sent to the lrans<nitt lng channel switch 
unit (TSW) 40 of Fig. 4. the oscillator 161 produces 
a ctock having a firequency the same as that of the 
data supplied from the data source. The pattern 
generator 162 produces a pulse havtog a predeler* 
mined pulse pattern whtoh Is sultabie as a supeivl- 

sory test pattern. 

Figure 17 illustrates a spedfk: btock diagrm of 

a test pulse detector. The test pulse detector 33 
shown In Fig. 4 Is comprised of a bipolar to un- 
ipolar convertor (BAJ) 171, a pattern generator 172. 
and a comparator 173. The test pulse Is received 
from the receiving channel switch ctn»it (RSW) 25 
and converted into a unipolar test pulse whtoh is 
applied to the comparator 173 at ite first Input The 
second Input thereof is suppOed wftti the ciitput 
from the pattem generate 172. The comparator 
173 compares its two Input dgnals and produces a 
mismatch signal as long as the two Input signals 
do not coincide with each other. The pattem gener- 
ator 172 changes the phase of Ite output bit by bit 
time Ihe mismatch signal te applied thereta 
Durbig the sweep of the phase change, the tm 
above-mentfoned input dgnals will cdnckte wim 
each other. If such coincktenca cannot be delected 
even after a predetermined time, an alarm signal 
win be produced to alert an operator to repair the 
related teult which has occuned in the protectton 
channel system. 



' As explained above in detail, the date commu* 
nicatkwi system according \6 the present inventton 
contains ttterein a channel switching means which 
can switch a main channel to a protectton channel, 

5 if a trsnsmisston f^lt takes place in the main 
channel system, with no date toss during thq 
switch. That is. an Instantaneous stoppage of date 
fkiw is prevented. TWs ability Is remarkable when 
the transmission fault takes place qutokly. due to. 

10 for exampte, sudden fading, sudden trouUe in the 
electronfccommurrfcatton apparatus, and the Hke. 



Clalme 

15 

1. A date communtoatton system having a 
channel switching means (26. 42) tor substituting 
foe a main channel a protectton channel when a 
transmis«on fault occurs in the main channel, both 

20 main and protectton channels being posHtoned 
atong respective transmisston fines between a 
transmitter and receiver comprising the date com- 
municalfon system, wher^ 
s^ receiver contains therein a delay mem (27) 

25 for deteying to time the date received successively 
from said transmitter, and sM delay means ^ 
being tocated atong a signal fine through wttfch 
saki main dtannel is formed. 

2. A date communicatton system as set forth in 

so dalm 1, wherein saM transmitter contains thereto a 
delay means (43) for delaying to time date sent 
successively from a date source, whteh date Is to 
be transrrytted to saW receiver by way of saW 
protectton cfiarmel. 

S5 3. A date communlcalton system as set forth to 
daim 2. wher^ s^ recover oont^ therein a 
detoctton meow (28) for detecflng an occurrence 
of a transmisston f^ to the mato channel, sakI 
detectton means (28) being tocated to a preceding 

40 stege relatNe to sato receiver skto delay means 
^ atong the ftow of the received data. 

4. A date communlcalton system as set forth to 
dafrn 3. whereto 

sakJ cMectton means (28) sends a cormnand slg- 
45 nal. as a switching ^gnal, to s^ fransmitter and 
activates the tmsmitter skto channel switching 
means (42) so as to transmit saki date sent from 
the date source to said receiver by way of sakl 
transmitter dde delay means (43) and through safcl 

50 protectton'channel. 

5. A date communtoation system as set fOrth to 
dafrn 4. whereto said detectton means (28) gen- 
erates an additional switching signal to acth^ the 
receiver skie channel swItcMng means (26) after a 

ss predetemnlned elapsed time from the detectton of 
saw transmisston fault so that the received date vte 
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the protection channel overlaps wrth the data do* 
layed by the receiver side delay means (27) during 
the switaimg process. 

6. A data communication system as set forth in 
claim 5. wherein the delay fimes caused at both 
the transmitter side and receiver side delay means 
(43, 27) are set to be substantially the same. 

7. A data communication system as set forth in 
claim 8. wherein the delay time is defined as a 
stoppage time of data flow, which stoppage time 
would be Inevitably created tyy a usual channel 
switching system, plus a predetermined time mar- 
gin. 

8. A data commurtfcation system as set forth In 
claim 7, wherein said channel switching mearts (26) 
in sad receiver is comprised of a synchrorious 
switch circuit (26) which selects the data output 
from a main chanrtel receiving unit (23) or a protec- 
tion channel unit (13), and further, said delay 
means (27) in said receiver is located between the 
main ch^mel receiving unit (23) and the synchro- 
nous switch circuit (26). 

9. A data communication system as set forth In 
clatm 8, wherein said predetermfaied time margin Is 
defined as t^ng sut)stantiaily the same as a time 
required id adtieve a phase synchronization in said 
synchronous switch circuit {2B) between the main 
channel data maintained in said receiver side delay 
means (27). and the protection channel data man- 
tained in s^ transri^her side delay means (43), 
and then transmitted to the synchronous switch 
circuit (20). 

iOl a data communication system as set forth 
In daim 1. wherein said receiver side delay means 
(27) is comprised of a shHt regteter (121). 

11. A data communication system as set forth 
in daim 2. wherein ssdd transmitter side delay 
means (43) is comprised of a shift register (1 1 7). 

12. A data corrununlcatlon system as set forth 
in daim 5. wherein s^ detection means ^ Is 
comprised of an Integrating drcult (122) which is 
suppled wf9) the main diareiel data or the main 
channel dock, and a comp ar ator (123) which com- 
pares in level the output from the integrating circuit 
(122) and a predetermined reference voltagot to 
produce from tfio comparator (123) dai swnlching 
signals lo bo transmitted to said lrar)smitter side 
channel switching means (4^ and also to be af>- 
pOed to said receiver side channel switching meens 
(26). 

13. A data communication systein as set forth 
in dam 8, wherein s^d synchronous switch drcuit 
(26) is manily comprised of a protection charmel 
elastle ntemory (108. Ill), a m^ channel elastic 
memory (92, 95), a protection channel dock 
source, a channel dock source a pattern 
comparator (114) and switch (100, 115) whfoh pro- 
duces the selected data. 
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said protection and main channel dock sources 
supply docks for activating said protection and 
main diannel elastic memories (108. Ill; 92, 95) 
whkii momentarily store Ihernn the protectim and 
rr^n channel data received from said transmitter, 
saM pattem comparator (114) compares both the 
stored. data in the prot^ctfon and main channel 
elastk: memories (lOa 111; 92. 95) and if the thus 
compared data does not match, the pattern com- 
parator (114) inherits the supply of saki dock, bit 
by bit, until tl)e compared data coinddes with each 
other, and then switches the status of saki switch 
(100. 115) to produce the sMselecled data. 
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